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(54) LIGHTING DEVICE, OPTICAL DEVICE AND LIQUID CRYSTAL DISPLAY 



(57) A light source device, comprising a light guide 
block that is provided vy^ith an inner wall capable of 
reflecting light and is shaped as a hollow component to 
form a light guide, and a point light source array that is 



located opposite one end face of the light guide block 
and is capable of emitting light into the light guide. 
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Description 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a projection- 
type liquid-crystal display device such as a light source 
device used in a projector, and particularly to a compact 
light source device suitable for use in a compact projec- 
tor. 

2. Description of the Related Art 

[0002] In conventional practice, projectors in which 
images on liquid-crystal display elements are magni- 
fied, projected, and displayed are configured such that a 
single liquid-crystal display element is illuminated by a 
metal halide lamp from behind, and the Image displayed 
by the liquid-crystal display element is magnified and 
projected by a projection lens. 

[0003] For example. Japanese Unexamined Patent 
Applications (Kokai) 62-237485. 3-75737. and 8- 
111107 describe inventive structures in which a metal 
halide lamp or a halogen lamp are used as the light 
source, and light emitted by this light source is transmit- 
ted through a hollow light-guide structure and directed 
toward a liquid-crystal display element. 
[0004] The above-described prior art, however, 
involves using a lamp as the light source, and is limited 
in the degree to which the size of the light source as 
such can be reduced. It is thus difficult to reduce the 
size of the projector as a whole. Portable communica- 
tion terminal devices have appeared In recent years, 
dispensing with the need to project images to dimen- 
sions in excess of 60 Inches with such projectors. It is 
proposed, for example, that the size of a projected 
Image be reduced to about 10 or 20 Inches. At this size 
of a projected Image, a light-emitting element (light- 
emitting diode, semiconductor laser, etc.) or the like can 
be used as the light source, making it possible to design 
very small projectors. 

[0005] Light-emitting elements and other miniature 
light-emitting devices are substantially point light 
sources, and it is therefore difficult to uniformly illumi- 
nate a liquid-crystal display element having a given sur- 
face area. An attempt to line up a plurality of light- 
emitting diodes and to Illuminate a wide surface area 
ultimately yields an assembly of point light sources, 
resulting in a nonuniform distribution of light intensity In 
a two-dimensional plane. 

[0006] Japanese Unexamined Patent Application 
10-123512 discloses projector technology in which the 
light source is made up of a two-dimensional array of 
light-emitting diodes. Light from the light-emitting diodes i 
is converted to planar light by microlens array (an array 
of lens elements formed in conformity with the light- 
emitting diodes) in order to allow light radiated by the 
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light-emitting diodes (point light sources) to be directed 
toward liquid-crystal display elements in an efficient 
manner. 

[0007] Such microlens arrays are disadvantageous, 
5 however, in that the lens action along the border 
between adjacent lens elements becomes weak as a 
result of manufacturing errors or the like, making it diffi- 
cult to create uniform Illumination light. 
[0008] According to another arrangement, which is 
10 disclosed in Japanese Unexamined Patent Application 
9-73807, the optical axis can be curved 90** to guide the 
light, but a technique has yet to be found that would 
allow the optical axis of a point light source to advance 
In a straight line, yielding planar light. 

IS 

SUMMARY OF TMP ||V|VFMT|nK| 

[0009] An object of the present invention, which 
was perfected in view of the above-described situation, 

20 is to provide a light source structure in which a plurality 
of point light sources are arranged in a planar configura- 
tion and which Is suitable for miniaturization. Another 
object of the present invention is to provide a compact 
light source capable of displaying projected images hav- 

25 ing uniform light intensity by designing a structure capa- 
ble of emitting uniform light through the use of a plurality 
of light-emitting diodes or other point light sources for 
illumination purposes. 

[0010] The present invention resides in a light 
30 source device comprising light guide means that is pro- 
vided with mutually opposite end faces and that has a 
light guide function whereby light entering through one 
end face Is guided to and emitted from the other end 
face, and a point light source an'ay that is a separate 
35 entity from the light guide means and that is obtained by 
arranging a plurality of point light sources in a planar 
configuration along one of the end faces of the light 
guide means. 

[0011] The present invention also resides in a light 

40 source device comprising the following separate enti- 
ties: a point light source array obtained by arranging a 
plurality of point light sources in a planar configuration, 
and light guide means in which light from the point light 
source an-ay is admitted through at least one end. 

is mixed, guided to the other end face, and emitted. 

[001 2] As a result of thoroughgoing research aimed 
at miniaturizing light sources and concerned with the 
relation between light guide means and planar point 
light source arrays, the inventor discovered that the 

>o stated object can be attained by providing a rectilinear 
or serial arrangement for the surface through which light 
is admitted into the light guide means and the surface 
through which the light admitted into the light guide 
means Is allowed to escape in relation to the point light 

5 sources, and by the uniform dispersion of light received 
from the point light sources throughout the light guide 
body 

[0013] Based on the above discovery, the present 
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invention has the following distinctive features. 
[001 4] The present invention is characterized in that 
the aforementioned point light sources are light-emitting 
elements that emit monochromatic light. Such light- 
emitting elements include light-emitting diodes (herein- 
after "LEDs"). semiconductor lasers (LDs), and other 
point light sources, and are not limited in terms of emit- 
ted color. In other words, monochromatic elements (for 
example, white LEDs or light-emitting diodes that emit B 
(blue) light) may also be used. 

[0015] When B (blue) light or other monochromatic 
light is used, wavelength conversion elements for con- 
verting this light to white light should preferably be dis- 
posed in the optical path. 

[0016] The present invention is also characterized 
in that the aforementioned point light sources are light- 
emitting elements that differ in color, and the aforemen- 
tioned point light source array is a combination of such 
light-emitting elements. 

[0017] Such a combination of light-emitting ele- 
ments may be a combination of three colors (RGB), a 
combination that includes colors other than these three 
colors (for example, orange and yellow green), or a 
combination of two, four, or more colors. 
[0018] The present invention is further character- 
ized in that the aforementioned light guide means is a 
hollow or solid light guide body, preferably composed of 
a transparent material. A first aspect of this light guide 
body is a hollow light guide block, which may be polyg- 
onal prismatic or cylindrical in shape. Reflecting metal 
surfaces may also be provided to the lateral surfaces 
(inner wall surfaces and inner peripheral surfaces) of 
the hollow light guide block 

[001 9] A second aspect of the light guide body is a 
solid (rather than hollow) light guide block. Total reflec- 
tion surfaces or reflecting metal surfaces may also be 
provided to the lateral surfaces of the solid light guide 
block. The light guide body may also be configured as a 
so-called Selfoc lens, which is okrtained by forming a 
bundle from a plurality of optical fibers having a cladding 
and a core. 

[0020] Another aspect of the present invention is an 
optical device comprising the aforementioned light 
source device and a member located opposite the end 
face for emitting the light of the light guide means and 
designed to modulate the light from the light guide 
means. Yet another aspect of the present invention is a 
liquid-crystal display device characterized in that this 
member is a liquid-crystal display element. According to 
this embodiment of the liquid-crystal display device, a 
magnifying lens is disposed In the optical path of the 
emitted light optically modulated by the aforementioned 
liquid-crystal display element. H is also possible to pro- 
vide a screen configured such that the image of the liq- 
uid-crystal display element can be projected by the 
magnifying lens. 

[0021] By allowing light emitted by the end face of 
the light source device thus configured to strike the liq- 



uid-crystal display element, it is possible for the image 
displayed by the liquid-crystal display element to be 
viewed directly, in magnified form, or in projected form. 
[0022] A distinctive feature of the present invention 

5 is that light guide means Is provided such that the illumi- 
nation light from the light source device preferably prop- 
agates in a straight line without bending its optical axis 
and that the entire surface area (region) necessary for 
displaying images is uniformly illuminated in the proc- 

10 ess, making it possible to effk;iently illuminate the illumi- 
nation region (an image display region in the case of a 
liquid-crystal display device) while preventing light from 
being scattered outside the illumination region. 
[0023] The present invention resides in a light 

IS source device comprising a light guide block provided 
with an inoer wall capable of reflecting light, and shaped 
as a hollow component to form a light guide; and a point 
light source array in which point light sources capable of 
emitting light into the light guide are arranged opposite 

20 an end face of the light guide block. 

[0024] In this structure, light emitted by point light 
sources located near the center of the point light source 
anray is emitted by the other end face of the light guide 
without being reflected by the inner walls of the light 

25 guide block. Light emitted by point light sources located 
near the periphery of the point light source array is 
reflected by the inner walls of the light guide block and 
is emitted by the other end face. Light emitted by such 
point light sources along various routes is uniformly 

30 mixed inside the light guide. Adjusting the length of the 
light guide in the direction of the optical axis provides 
uniform light intensity across the light emission surface 
of the light guide. 

[0025] In this case, the aforementioned point light 

35 sources may, for example, be light-emitting diodes. In 
addition, the aforementioned light guide block may, for 
example, have a polygonal prismatic shape whose inner 
walls are composed of a plurality of flat reflecting sur- 
faces. The aforementioned light guide block may also 

40 have a cylindrical or elliptical shape whose inner walls 
are composed of curved surfaces. 
[0026] In the present invention, the term "an end 
feice of a hollow light guide block" refers to the surface 
that corresponds to an end face of a solid block equlva- 

45 lent to the aforementioned hollow block. 

[0027] The present invention is also a liquid-crystal 
display device that is provided with the aforementioned 
light source device, wherein this liquid-crystal display 
device further comprises a liquid-crystal display ele- 

50 ment located opposite the other end face of the light 
guide block and configured to allow tight emitted by a 
light guide to be modulated, so that images can be 
viewed directly from the light emission side of the liquid- 
crystal display element. This structure may, for example, 

55 be applied to liquid-crystal display devices used in port- 
able information equipment. 

[0028] The present invention is also a liquid-aystal 
display device that is provided with the light source 
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device of the present invention, wherein this liquid-crys- 
tal display device further comprises a liquid-crystal dis- 
play element disposed facing the other end face of the 
light guide block and configured such that light emitted 
by a light guide can be modulated, and a magnifying 5 
lens disposed in the optical path of the emitted light opti- 
cally modulated by the liquid-aystat display element. 
This structure may, for example, be used in a head- 
mounted display in which the image on the liquid-crystal 
display element can be viewed directly through a lens. /o 
[0029] The present invention may also comprise a 
screen configured such that the image on the aforemen- 
tioned liquid-crystal display element can be projected by 
a magnifying lens. This structure may be used in projec- 
tors or the like.. IS 
[0030] The present invention is also a liquid-crystal 
display device equipped with the light source device of 
the present invention, wherein this liquid-crystal display 
device further comprises a dichroic prism or other color 
synthesis means which comprise, in accordance with 20 
each primary color, prescribed color modulation units 
comprising light source devices so configured as to be 
able to emit light within the wavelength region of each 
primary color, and liquid-crystal display elements that, 
are disposed facing the other end face of the light guide 25 
means and that are configured such that light emitted by 
the light guide can be modulated, and in which light 
emitted by the prescribed color modulation units can be 
synthesized; and a projection lens disposed in the opti- 
cal path of the emitted light synthesized by the color 30 
synthesis means. 

[0031] The present invention is also a liquid-crystal 
display device equipped with the light source device of 
the present invention, wherein this liquid-crystal display 
device further comprises a dichroic prism which com- 36 
prises, in accordance with each primary color, pre- 
scribed color modulation units comprising light source 
devices capable of emitting white light, liquid-crystal dis- 
play elements that are disposed facing the other end 
face of the light guide means and that are configured 40 
such that light emitted by the light guide can be modu- 
lated, and filters so configured as to be able to transmit 
light within the wavelength region of each primary color, 
and in which light emitted by the prescribed color mod- 
ulation units can be synthesized; and a projection lens 4S 
disposed in the optical path of the emitted light synthe- 
sized by the dichroic prism. 

[0032] The present invention is also a light source 
device comprising a flat light source array forming a pla- 
nar configuration from a plurality of tight-emitting ele- so 
ments for emitting light of the three primary colors, and 
a light guide body composed of a transparent material in 
which incident light from the flat light source array is 
guided to the emission side. 

[0033] The present invention is also a light source ss 
device comprising a flat light source array obtained by 
forming a planar configuration from a plurality of light- 
emitting elements for emitting monochromatic light, and 



a light guide body composed of a transparent material in 
which incident light from the flat light source array is 
guided to the emission side; further comprising a lumi- 
nescent film located opposite the light-receiving surface 
or light-emitting surface of the light guide body and 
designed to convert the monochromatic light to white 
light. 

[0034] The light source device comprises a circuit 
for the simultaneous or sequential lighting of the light- 
emitting elements for emitting light of each color. 
Another distinctive feature is that the light-emitting ele- 
ments are light-emitting diodes. 
[0035] The present invention is a liquid-crystal dis- 
play device, comprising the aforementioned light source 
device; a liquid-crystal display element located opposite 
the light-emitting surface of the aforementioned light 
guide body; and a projection lens located on the oppo- 
site side from the light guide body with respect to the liq- 
uid-crystal display element. According to another 
aspect of the liquid-crystal display device pertaining to 
the present invention, liquid-crystal display elements 
are synchronized with the sequential lighting of the 
aforementioned light-emitting diodes, and images are 
sequentially formed based on video signals separated 
by color. In this case, white light is preferred for the 
aforementioned light-emitting diodes. Mixing of white 
LEDs or color-emitting LEDs (RGB) can be suggested 
as an embodiment involving emission of white light. 
When monochromatic (for example, blue) light-emitting 
diodes are used, a luminescent film in which monochro- 
matic light emitted by the aforementioned light-emitting 
diodes is converted to white light should be placed 
opposite the light-receiving surface or light-emitting sur- 
face of the aforementioned light guide body. 
[0036] The aforementioned light-emitting diodes 
are light source devices composed of a plurality of 
colors based on the three primary colors and lighted 
simultaneously or sequentially, each producing white 
light. The formation of after images in the human eye is 
used when sequential lighting is employed. 
[0037] According to another aspect of the liquid- 
crystal display device pertaining to the present inven- 
tion, the aforementioned light-emitting diodes are com- 
posed of a plurality of colors based on the three primary 
colors, these diodes are sequentially lighted, the afore- 
mentioned liquid-crystal display elements are synchro- 
nized with the sequential lighting of the aforementioned 
light-emitting diodes, and images are sequentially 
formed based on video signals separated by color. High 
resolution can be obtained because images can be dis- 
played for each color. In this case as well, color images 
can be obtained due to the existence of after images. 
[0038] As referred herein, the term "light guide 
means" denotes a functional means for guiding light 
from a light source. An embodiment of such a light guide 
means is a light guide body serving as a member for 
realizing this light guiding function. An embodiment of 
such a light guide body is a light guide block. The light 
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guide body may be a hollow or solid member. When the 
light guide body is a hollow component, the Internal sur- 
faces thereof should preferably be provided with reflect- 
ing metal films, which are means capable of total light 
reflection, as described above. s 
[0039] This light guide body is shaped and dimen- 
sioned to allow light to be uniformly mixed. In addition, 
the spacing pitch and other characteristics of the point 
light sources constituting the point light source array 
should be adjusted such that light can be uniformly io 
mixed in the light guide body. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] IS 

Fig. 1 is a perspective view of a light source device 
pertaining to embodiment 1; 

Fig. 2 is a cross section in the direction of the opti- 20 
cal axis of the light source device according to 
embodiment 1 of the present invention; 

Fig. 3 is a cross section in the direction of the opti- 
cal axis of the light source device according to a 25 
modification of embodiment 1 of the present inven- 
tion; 

Fig. 4 is a block diagram of an optical system for the 
projection-type liquid-crystal display device accord- 30 
ing to embodiment 1 ; 

Fig. 5 is a block diagram of the optical system for a 
projection-type liquid-crystal display device accord- 
ing to embodiment 2; 35 

Fig. 6 Is a top view of the main optical system for a 
light source device and projection-type liquid-crys- 
tal display device according to embodiment 3; 

40 

Fig. 7 is a perspective view of the main optical sys- 
tem for the light source device and projection-type 
liquid-crystal display device according to embodi- 
ment 3; 

45 

Fig. 8 is a top view of the main optical system for a 
light source device and projection-type liquid-crys- 
tal display device according to embodiment 4; 

Fig. 9 is a perspective view of the main optical sys- so 
tem for the light source device and projection-type 
liquid-crystal display device according to embodi- 
ment 4; 

Fig. 10 is a plan view of a light source unit accord- ss 
ing to embodiment 4; 

Fig. 11 is a top view of the main optical system for a 



light source device and projection-type liquid-crys- 
tal display device according to embodiment 5; 

Fig. 12 Is a perspective view of the main optical sys- 
tem for the light source device and projection-type 
(iquid-crystal display device according to embodi- 
ment 5; 

Fig. 13 is a plan view of a light source unit accord- 
ing to embodiment 5; and 

Fig. 14 is a top view and a circuit diagram of the 
main optical system for the light source device and 
projection-type liquid-crystal display device in a 
modified example of embodiment 5. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0041 ] Preferred embodiments of the present inven- 
tion will now be described with reference to drawings. 

Embodiment 1 

[0042] Embodiment 1 of the present invention 
relates to a light source device. Fig. 1 depicts a per- 
spective view of a light source device 100 according to 
the embodiment. Fig. 2 Is a cross section obtained by 
cutting the light source device 100 along Its optical axis. 
The light source device 100 comprises a light-guiding 
block 10 and an LED (light- emitting diode) array 20. 
[0043] The light-guiding block 10 is a hollow pris- 
matic structure formed from a plurality of (four) wall sur- 
faces. The inner walls thereof form reflective surfaces 
1 1 capable of reflecting light. The light-guiding block 10 
may, for example, be obtained by bonding together four 
mirrors that have the same size as a wall surface and 
that are placed opposite each other. It is also possible to 
form the block by bonding four panels obtained by vapor 
depositing thin aluminum metal films or other films on 
resin panels or the like, or by laminating reflective films 
with an adhesive. In any type of construction, the inner 
walls of the light-guiding block 10 are finished to a 
smooth min'or surface such that light is totally reflected 
in order to reduce loss of light. 

[0044] The LED array 20 is an entity which is sepa- 
rate from the light-guiding block and in which a plurality 
of light-emitting diodes (LEDs) 21 serving as point light 
sources are arranged in a planar configuration such as 
a two-dimensional cluster. The array should preferably 
be separated by an air layer from the block. The LEDs 
21 are patterned such that the positive and negative 
lead wires of the LEDs are connected in parallel, and 
are fixed by soldering to a substrate provided with inser- 
tion holes in conformity with the arrangement of the 
LEDs. The LED array 20 is provided with a light-emitting 
surface whose area Is substantially equal to the cross- 
sectional surface area of the light-guiding block 10 and 
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which is arranged such that light emitted by the LEDs 21 
is oriented in substantially the same direction. The light- 
emitting surface of the LED array 20 is located opposite 
one of the end faces of the light-guiding block 10. 
Selecting a placement that allows the light-emitting 5 
units of the LEDs to be housed in the light-guiding block 
10 is preferred from the standpoint of preventing light 
loss. The LEDs 20 are configured such that they are 
able to emit light simultaneously by virtue of an outside 
power source (not shown). For example, an appropriate w 
forward current of about 20 mA is passed in a controlled 
manner through the LEDs 21. The LEDs should prefer- 
ably emit white light, particularly in a color display. 
[0045] It is also possible to arrange LEDs that emit 
monochromatic light of three primary colors (red, green, is 
and blue) according to a prescribed pattern and to ener- 
gize all these LEDs. creating white planar light. This 
arrangement has the following advantages. Specifically, 
using white LEDs produces a structure in which, for 
example, light from the LEDs undergoes color conver- 20 
sion by means of a phosphor, in which case the outside 
dimensions of a single white LED are considerable 
because they include the phosphor portion. 
[0046] By contrast, the outside dimensions of an 
LED emitting primary color light (red, blue, or green) can 2S 
be limited to the size of a light-emitting chip, allowing 
more such LEDs to be accommodated per unit of sur- 
face area than when white LEDs are used. It is therefore 
possible to obtain white planar light of higher intensity 
when LEDs emitting primary color light (red. blue, or so 
green) are provided, and all these LEDs are energized 
to obtain a white color. A monochromatic light source 
device can be constructed if LEDs emitting monochro- 
matic light (red, green, or blue) instead of a white color 
are used separately. This monochromatic light source 3S 
device can be used to emit primary color light for a color 
display device. 

[0047] Although resin-molded LEDs having convex 
lens structures at their tips were used as the point light 
sources in the above-described arrangement, it is also 40 
possible to use LEDs provided with planar resin pack- 
ages or LED chips not covered in a resin mold. Ele- 
ments operating on other light emission principles, such 
as semiconductor laser elements, may also be used as 
long as these elements are point light sources that emit 45 
light and have low power consumption. 
[0048] In the light source device configured as 
shown In Fig. 1 above, light from the LED array 20 Is uni- 
formly mixed while reflected from the inner wall surfaces 
(reflecting surfaces 1 1 ) in the light-guiding block 1 0, and so 
is emitted by the end face opposite the side on which 
the LED array 20 Is provided, as shown in Figs. 2 and 3. 
[0049] The light source device used in this case 
should be configured to satisfy the relation 
L □ P/(tan 6) in order to uniformly mix the light from the ss 
LED array 20 in the light-guiding block 10 and to emit 
planar light of uniform intensity. In the above formula, L 
(:= L^) is the length of the light guide in the light-guiding 



block 10 depicted in Fig. 2, P is the interval between 
adjacent LEDs in the LED array, and 0 is the angle with 
the optical axis at a position in which the intensity of light 
radiated by the LEDs is half the intensity of light from the 
LEDs along the optical axis. Such an arrangement 
allows light emitted by adjacent LEDs to be added up. 
yielding a more uniform intensity distribution. If the 
length L of the light guide is less than P/(tan e) , there 
is a possibility that low-intensity areas will form between 
adjacent LEDs and that the intensity distribution will 
become nonuniform. 

[0050] Another feature is that the inner size D1 
(cross-sectional surface area) and total length LI of the 
light-guiding block 10 in Fig. 2 can be appropriately var- 
ied according to design. The inner size D1 , that is, the 
lengthybreadlh.of the space between the inner walls, is 
established in accordance with the external shape of 
the liquid-crystal display elements used in conjunction 
with the light source device. The Inner size is so 
selected as to allow light to be shone on all the pixels of 
the liquid-crystal display elements. The number and 
arrangement of LEDs 21 are selected in a manner that 
allows the LED array 20 to direct light without any gaps 
through the area defined by the inner size of the light- 
guiding block 10. The total length L1 of the light-guiding 
block 10 is set to a level at which light of adequate uni- 
form intensity is emitted from the output end face as a 
result of the fact that the light from the point light 
sources Is dispersed by being reflected from the reflec- 
tive surfaces 1 1 . Assuming, for example, that the Inner 
size D1 of the light-guiding block 10 corresponds to a 
breadth of 24 mm and a length of 1 8 mm. the LED array 
20 would be composed of a total of 48 LEDs 21 (diame- 
ter: 3 mm) an-anged in eight rows in the crosswise direc- 
tion and six rows in the lengthwise direction. The total 
length LI of the light-guiding block 1 0 is about 30 mm. A 
smaller inner size D2 and a greater total length L2 
should be selected If it is required that the inner size D1 
be further reduced and the light guide be extended to 
obtain light of uniform intensity, as shown In Fig. 3. 
[0051] In the above-described structure, light emit- 
ted by the LEDs 21 in the area near the center of the 
LED array 20 escapes through the other end face of the 
light guide without being reflected from the reflective 
surfaces 1 1 , as shown in Fig. 2. Light emitted by the 
LEDs 21 in the area near the periphery of the LED array 
20, on the other hand, escapes through the other end 
face after being reflected from the reflective surfaces 
11. Light emitted by the LEDs 21 is mixed in the light- 
guiding block 10 in this manner. Adequately adjusting 
the length LI of the light-guiding block 10 in the direc- 
tion of the optical axis allows light of uniform intensity to 
be emitted by the light emitting surface of the light-guid- 
ing block 10. This uniform intensity light is suitable as 
light impinging on the liquid-crystal display elements 
used in projectors and head-mounted displays. 
[0052] The above-described light source device of 
embodiment 1 is suitable as a light source for projec- 
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tors, head-mounted displays, and various other liquid- 
crystal display devices because light from LEDs (point 
light sources) is appropriately mixed while transmitted 
through the light-guiding block, the intensity of light is 
rendered uniform, and uniform planar light Is emitted. 
[0053] This device can also be used for illuminating 
portable display devices because the LEDs and other 
paint light sources are small and lightweight, have low 
power consumption, and can thus be energized by bat- 
teries and other portable power sources. 
[0054] This device can also be fabricated easily and 
inexpensively because the simple structure of the light- 
guiding block can be obtained by the bonding of mirror 
surfaces. 

Embodiment 2 

[0055] Embodiment 2 of the present invention 
relates to a miniature projection-type liquid-crystal dis- 
play device in which the light source device described 
with reference to embodiment 1 can be used. Fig. 4 is a 
block diagram of the optical system for the projection- 
type liquid-crystal display device 300 of the present 
embodiment, 

[0056] The projection-type liquid-crystal display 
device 300 comprises a light source device 100, a liq- 
uid-crystal display element 30, a projection lens 31 . and 
a screen 32 in a housing 33, as shown In Rg. 4. The 
light source device 100 is the same as that used in 
embodiment 1 above. The light source device 100 emits 
white light. The liquid-aystal display element 30 is so 
configured as to allow passage or blockage of light in 
individual pixels to be controlled in accordance with a 
drive signal (not shown). Specifically, the liquid-crystal 
display element 30 receives light emitted by the light 
source device 100 and is capable of modulating light 
and outputting it as images in accordance with the logic 
state of the drive signal. In more specific terms, the 
arrangement or direction of the ordered liquid-crystal 
molecules In the liquid-crystal display element Is varied 
by the electric field or heat, the optical characteristics of 
the liquid-crystal layer are changed, and light pas- 
sage/blockage is controlled. Various known structures 
may be used. In addition, the liquid-crystal display ele- 
ment 30 is provided with color filters, and its color pixels 
are composed of a plurality of pixels corresponding to 
primary colors. Color display can be achieved by allow- 
ing or blocking passage of primary color light. 
[0057] The projection lens 31 is so designed as to 
allow an image optically modulated by the liquid-crystal 
display element 30 to be toned on the screen 32. The 
screen 32 is semitransparent and is configured to allow 
scattered reflection of light, making it possible to view 
the displayed image from the opposite side of the pro- 
jection lens 31. 

[0058] When the present invention is adapted to a 
head-mounted display, viewf inder, or other liquid-crystal 
display device, the liquid-crystal display element is 



placed closer to the projection lens than the front focal 
distance, making It possible to view a magnified image 
on the liquid-crystal display element through the projec- 
tion lens. 

5 [0059] When the present invention is adapted to a 
direct-view liquid-crystal display device used in personal 
computers or portable electronic terminals, the projec- 
tion lens or screen is dispensed with, and the liquid- 
crystal display element can be viewed directly. 

10 [0060] In the above-described structure, white light 
of uniform intensity Is emitted by the light source device 
100, and light (including color) modulation Is performed 
by the liquid-crystal display element 30. Although it can 
be viewed directly, the optically modulated image is fur- 

75 ther refracted by the projection lens 31 for magnification 
and display. The optically modulated image is magnified 
and displayed on the screen 32 at a magnification deter- 
mined by the distance between the projection lens 31 
and the screen 32. 

20 [0061] When higher luminous intensity is required 
in order to increase the magnification of the projected 
image, it is also possible to configure the projection-type 
Iquid-crystal display device in a manner such that liq- 
uid-crystal display elements are provided for each pri- 

25 mary color, as shown in Fig. 5. The projection-type 
liquid-crystal display device 400 in Fig. 5 comprises a 
light source device 100 and a filter 40 for each primary 
color, as well as a dichroic prism 41. a projection lens 
42, a screen 43, and a housing 44. The filters 40(R, G, 

30 B) convert white light from the light source device 1 00 to 
light of primary colors. The filters 40(R, G, B) may be 
disposed between the light source device 100 and the 
Ikiuid-crystal display element 30. The filters 40 can be 
dispensed with If the LEDs 21, which determine the 

35 color of light emitted by the light source device 100, are 
composed of elements for emitting light of primary 
colors. LEDs that emit light of primary colors than the 
combination of filters with white LEDs are expected to 
produce higher luminous intensity of emission. The 

40 dichroic prism 41 comprises a multilayer film 41 R capa- 
ble of reflecting solely the red color, and a multilayer film 
41 B capable of reflecting solely the blue color. The 
prism is configured such that optically modulated 
images for each primary color are synthesized, directed 

45 toward the projection lens 42, and emitted. The projec- 
tion lens and screen are the same as In embodiment 1 . 
This projection-type liquid-crystal display device is 
expected to produce bright images. 

50 Modification 

[0062] The present invention is not limited by the 
above-described emtx)diments and can be modified 
and used In a variety of ways. For example, the light- 
55 guiding block in the light source device is not limited to 
the above-described prismatic cross-sectional shape 
and may be shaped differently to conform to the outer 
shape of the display region of the liquid-crystal display 
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element, such as triangular prismatic, pentagonal pris- 
matic, or other polygonal prismatic. It is also possible to 
construct the inner walls with curved surfaces, yielding 
a cylindrical shape that is circular or elliptical in cross 
section. In addition, the hollow structure constituting the 
light guide may be a cavity or may be packed with a 
transparent material. 

[0063] Point light sources other than the above- 
described LEDs may be used for the point light source 
array. The shape of the array is not limited to the above- 
described planar two-dimensional arrangement and 
includes two-tier structures in which light emitted by the 
lower layer is unlikely to be blocked by the LEDs in the 
upper layer, (n other words, the point light source array 
can have any shape as long as the projection shape of 
the point light source array is a plane substantially equal 
to the end face of the light-guiding block facing this 
array 

Embodiment 3 

[0064] Embodiment 3 of the present invention will 
be described with reference to Figs. 6 and 7. 
[0065] Light-emitting diodes (LEDs) 103 serving as 
point light sources are arranged in a planar arrange- 
ment, that is, in two dimensions, facing an end face 
(light-receiving end face) of a light guide body 102 (an 
acrylic resin square bar). The diodes form a separate 
entity from this light guide body 102. A liquid-crystal dis- 
play element 101 is disposed facing the other end face 
(light-emitting end face) of the light guide body 102. 
Light emitted by the light-emitting end face of the light 
guide body 102 strikes the liquid-crystal display element 
101. The image displayed by the liquid-crystal display 
element 101 is magnified by a projection lens 104 and is 
projected onto a screen 105. 

[0066] The display region of the liquid -crystal dis- 
play element 101 measures, for example, 10.2 mm x 7.6 
mm (0.5 inch diagonally), has a color filter for each pixel, 
and is capable of color display. 

[0067] In the light guide body 102, the end face 
opposite the overlying and underlying liquid-crystal dis- 
play element 101 and LEDs 103 measures 12 mm x 8 
mm, and Is 50 mm long. Although the external dimen- 
sions of the end ^ce of the light guide body may be the 
same as those of the display region of the liquid-crystal 
display element 101 (10.2 mm x 7.6 mm), in the present 
embodiment these dimensions are somewhat greater 
than those of the display region. Light propagating 
through the light guide body undergoes repeated total 
reflection from the sides of the light guide body 102. and 
these sides are made into mirror surfaces or total reflec- 
tion surfeces in order to reduce loss of light due to scat- 
tering. 

[0068] A transparent resin, glass, or the like may be 
used in addition to acrylic as the material for the light 
guide body 102. 

[0069] LEDs 103 emit white light. LEDs 1 03 may, for 



example, be constructed by coating light-emitting ele- 
ments with resin and shaping their tips as lenses. The 
diameter of LEDs 103 is 3 mm, and six LEDs are 
arranged in a two-dimensional 3x2 configuration oppo- 
5 site the light-receiving end face of the light guide body 
102. 

[0070] Light emitted by the LEDs is mixed while 
transmitted through the light guide body 102. yielding a 
uniform intensity distribution and uniformly illuminating 

10 the display region of the liquid-crystal display element 
101 . The length of the light guide body 102 must be opti- 
mized depending on the size of the display region, the 
number and arrangement period of the LEDs 1 03, or the 
directionality of radiated light due to the shape of the tip 

IS lens. 

[0071] Jhe relation L d P/(tan G) should preferably 
be satisfied in order to uniformly mix light in the light 
guide body 102 and to emit planar light having a uniform 
intensity distribution, in the above formula, L is the 

20 length of the light guide in the light guide body 102, P is 
the interval between adjacent LEDs 103. and 0 is the 
angle with the optical axis at a position in which the 
intensity of light radiated by the LEDs is half the inten- 
sity of light in the intensity distribution along the optical 

25 axis. Such an arrangement allows light emitted by adja- 
cent LEDs to be added up, yielding a more uniform 
intensity distribution. If the length L of the light guide is 
less than P/(tan 8) , there is a possibility that low-inten- 
sity areas will form between adjacent LEDs and that the 

30 intensity distribution will become nonuniform. 

[0072] The array of LEDs 1 03 is separated from the 
light guide body 102, preferably set off from the light 
guide body 102 by an air layer. In such a structure, light 
is totally reflected from the inner walls of side sections 

35 inside the light guide body, mixed, and made into a more 
uniform intensity distribution as a result of the fact that 
the inner walls of side sections other than the light-emit- 
ting face of the light guide body are polished or other- 
wise treated. It is also possible to use a solid light guide 

40 body 102 or to provide the end faces of side sections 
with a thin metal film or other reflecting film. 
[0073] The projection lens 1 04 comprises a pluriality 
of lenses and has a diameter of 30 mm. for example. 
The image on the liquid-crystal display element 101 

45 (whose display region has a diagonal size of 0.5 inch) is 
magnified to a diagonal size of 7 inches and projected 
onto the screen 105. 

[0074] To display video images or TV images on the 
liquid-crystal display element 101 , it is possible to use a 

50 known circuit as the display circuit (not shown) con- 
nected to the liquid-crystal display element, and to dis- 
play the images at a DC voltage of about 5 V. It is also 
possible to use a battery as the power source of the liq- 
uid-crystal display element pertaining to the present 

56 embodiment (embodiment 3) because the LEDs 103 
can emit light at a DC voltage of about 3 V. It is thus pos- 
sible to make the entire device much smaller than a con- 
ventional projection-type liquid-crystal display device in 
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which a metal halide lamp or the like is used as the light 
source. 

[0075] Although the present embodiment (embodi- 
ment 3) was described with reference to a display 
device in which a liquid-crystal display device featuring s 
color fitters was illuminated with white LEDs, it is also 
possible to use an arrangement in which monochro- 
matic images (obtained by illuminating a liquid-crystal 
display element devoid of a color filter with LEDs emit- 
ting monochromatic light such as green light) are mixed 
or projected onto a single screen on a time-sharing 
basis to produce a color image. 
[0076] Although the light-emitting portions of the 
LEDs 103 used were provided with lens-shaped struc- 
tures, it is also possible to use LEDs whose light-emit- . 
ting portions have flat end faces. In this case, the length 
of the light guide body 1 02 must be optimized in order to 
obtain a uniform distribution of front light in the liquid- 
crystal display element. 

[0077] Although the light source device In the 
present embodiment (embodiment 3) was described 
with reference to a light source obtained by arranging a 
plurality of LEDs. it is also possible to use a structure in 
which a single LED is used, and the light emitted by the 
LED is directed toward the liquid-crystal display element 
while the intensity distribution of this light is rendered 
substantially uniform by a light guide body. 
[0078] When a support member for supporting and 
fixing the light guide body 102 on the liquid-crystal dis- 
play device comes into contact with the side surface of 
the light guide body 102. light is scattered or absorbed 
in this portion, reducing the luminous energy reaching 
the liquid-crystal display element. Consequently, return- 
ing light to the light guide body by vapor-depositing a 
thin metal film on the surface portion of the light guide 
body in contact with the support member or by bonding 
a reflecting member resembling a mirror surface to this 
surface portion is effective for preventing a reduction In 
the utilization efflcierx;y of light. 

Embodiment 4 

[0079] Embodiment 4 of the present Invention will 
now be described. In embodiment 4, the same compo- 
nents as those in the above-described structure of 
embodiment 3 are assigned the same symlx>ls, and 
their structure is omitted from the description. 
[0080] As depicted In Figs. 8 and 9. a distinctive 
feature of embodiment 4 is that, for example, LEDs 
103B emitting blue light are used as the light-emitting 
diodes (LEDs) 103. 

[0081] The LEDs 103B are arranged In two dimen- 
sions within a plane, forming a 3 x 6 matrix on a sub- 
strate 109, as shown in Fig. 10. The intervals between 
the horizontal and vertical rows of LEDs may, for exam- 
ple, be 2.5 mm and 2 mm. respectively. This arrange- 
ment is not limiting, however. 

[0082] In addition, a luminescent film 107 is dis- 



posed on the ehfiission surface side of the light guide 
body 102. The luminescent film 107 Is excited by blue 
light and is caused to change color. In the present 
embodiment (embodiment 4), a red phosphor and a 
green phosphor are used as such phosphors, and these 
generate white light that contains the blue light passing 
through the luminescent film 1 07. 
[0083] Such a light source device can also be pro- 
vided with liquuid-crystal display element 101 . a projec- 
tion lens 104. and a screen 105 downstream of the 
luminescent film 107. yielding a liquid-crystal display 
device. 

[0084] In this case, the following advantages are 
obtained. Specifically, using white LEDs produces a 
structure in which, for example, light from blue LEDs 
undergo^ color conversion by means of a phosphor, in 
which case the outside dimensions of a single white 
LED are considerable because they include the phos- 
phor portion. By contrast, the outside dimensions of an 
LED emitting blue light can be limited to ttie size of a 
light-emitting chip, allowing more such LEDs to be 
accommodated per unit of surface area than when 
white LEDs are used. It is therefore possible to obtain 
more-intense white light when color conversion is per- 
formed by employing blue LEDs alone and increasing 
the energy of emitted light. 

Embodiment 5 

[0085] Embodiment 5 of the present Invention will 
now be described. In emtKxliment 5. the same compo- 
nents as those in the above-described structure of 
embodiment 3 are assigned the same symbols, and 
their structure is omitted from the description. 
[0086] As depicted in Figs. 11 and 12. a distinctive 
feature of embodiment 5 is that LEDs 103R, 103G, and 
103B emitting RGB light are used as the light-emitting 
diodes (LEDs) 103. 

[0087] The LEDs 103R. 103G, and 103B are 
arranged In two dimensions within a plane, forming a 3 
X 6 matrix on a substrate 109. as shown in Fig. 13. The 
intervals between the horizontal and vertical rows of the 
LEDs are 2.5 mm and 2 mm. respectively. The colors 
may also be arranged alternately in relation to each 
other. These arrangements are not limiting, however. 
[0088] Although the present embodiment (embodi- 
ment 5) is described with reference to the use of LEDs 
corresponding to the three primary colors. It Is possible 
to use LEDs that emit orange light instead of red light, 
and yellow-green light instead of green light, as long as 
color image generation is not compromised. 
[0089] In embodiment 5. white light should prefera- 
bly be used as the light source color because the pixels 
of the liquid-crystal display element have color filters. It 
is common practice, therefore, for all of the LEDs 1 03 on 
the substrate 109 to be lighted up at the same time, 
making it possible to mix colors and to produce white 
light by passing the light through the light guide body 
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102, 

[0090] In the present embodiment, the light source 
has higher density and more-intense planar light is 
obtained because LEDs that emit red. blue, and green 
light and that are smaller in terms of external dimen- 
sions than white LEDs are arranged in a planar configu- 
ration (specifically, in two dimensions) in the manner 
described above. 

[0091 ] An alternative is to separate the aforemen- 
tioned LEDs 103R, 103G. and 103B and to light up each 
color sequentially at extremely short time intervals. This 
approach utilizes the presence of an after image in the 
human eye and is based on the interlacing of TV 
images. Such sequential lighting can reduce unit power 
consumption and bring about a proportional increase in 
the service life of batteries or the like. 

Modification 

[0092] Fig. 14 depicts a modification of the color 
image display device in which seqential lighting is used. 
[0093] In the pixels of the liquid-crystal display ele- 
ment 1 01 used in this modification, images of each color 
are formed and color images displayed in synchronism 
with the sequential lighting of the LEDs 103R. 103G and 
103B without the use of color filters. 
[0094] Specifically, an image signal is input to a 
color separation circuit 210 and is separated into differ- 
ent color signals. The color signals chromatically sepa- 
rated as such color separation signals are fed to a 
synchronization circuit 212 and an LCD driver 214. The 
LCD driver 214 controls the liquid-crystal display ele- 
ment 101 and forms images on the basis of the input 
color signals. 

[0095] Meanwhile, the synchronization circuit 212 
synchronizes the result with a color signal correspond- 
ing to the image displayed by the LCD driver 214, and 
feeds the result to a multiplexer 216. The multiplexer 
216 sequentially selects an R driver 218, a Gdriver 220, 
and a B driver 222 and feeds the corresponding lighting 
signals. As a result, the LEDs 103R, 103G, and 103B 
display colors that correspond to those of the liquid- 
crystal display element 1 01 . The image displayed on the 
screen 10.5 is one resulting from the mixing of three 
colors due to the after image effect, as described above. 
[0096] The above-described structure allows image 
resolution to be increased threefold in comparison with 
that of a color-filtered liquid-crystal display element 
because each color image can be displayed using all 
the pixels on the liquid-crystal display element 101 . 
[0097] A reflection-type liquid-crystal display ele- 
ment that reflects light from a light source may be used 
in addition to the transmission-type liquid-crystal display 
element. Examples of devices that can be used as light 
modulation members or means also include light valves 
on which pixels are formed by deformable mirrors, and 
light modulation devices based on the reflection of light 
from outside sources (light sources) such as spatial 



modulation elements. 

[0098] The present invention entails using a light 
guide structure in which light can be guided without any 
loss to the region to be illuminated (for example, the dis- 

5 play area of a liquid-crystal display element) using a plu- 
rality of light-emitting diodes or other point light sources 
used for illumination purposes, and can thus provide a 
light source, projection-type liquid-crystal display 
device, or other optical device used for display purposes 

10 that is compact, lightweight, and Inexpensive and that is 
capable of displaying projected images of uniform light 
intensity. 

[0099] Another merit is that the intensity distribution 
can be rendered uniform as a result of the fact that light 

15 emitted by a plurality of two-dimensionally arranged 
light-emitting elements is transmitted by light guide 
means, making it possible, for example, to obtain a com- 
pact light source device capable of providing uniform 
illumination for a liquid-crystal display device or other 

20 optical modulation element or device. 

[0100] Yet another merit is that light can be emitted 
by means of batteries, and further miniaturization can 
be achieved when LEDs are used as tight-emitting ele- 
ments. 

25 

Claims 

1 . A light source device, comprising: 

30 light guide means that is provided with mutually 

opposite end faces and that has a light guide 
function whereby light entering through one 
end face is guided to and emitted from the 
other end face; and 

. 35 ) 

a point light source array that is a separate 
entity from said light guide means and that is 
obtained by arranging a plurality of point light 
sources in a planar configuration along one of 
40 the end faces of the light guide means. 

2. A light source device, comprising the following sep- 
arate entities: 

45 a point light source array arranging a plurality of 

point light sources in a planar configuration; 
and 

light guide means in which light from the point 
so light source array is admitted through at least 

one end. mixed, guided to the other end face, 
and emitted. 

3. A light source device as defined in Claim 1 or 2, 
55 wherein the external shape of the end face for 

receiving light from said point light source array in 
said light guide means is substantially the same as 
the external shape of the end face for emitting the 
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light. 

4- A light source device as defined in Claim 1 or 2, 
wherein said point light sources are light-emitting 
elements for emitting monochromatic light. s 

5. A tight source device as defined in Claim 1 or 2. 
wherein said point light source array is a combina- 
tion of light-emitting elements of various colors. 

10 

6. A light source device as defined in any of Claims 1 
to 5. wherein said light guide means comprises a 
hollow light guide body or solid light guide body 
made of a transparent material. 

75 

7. A light source device as defined in Claim 1 or 2. 
wherein an air layer is interposed between said 
point light source array and the light-receiving end 
face of said light guide means. 

20 

8. A light source device as defined in Claim 6, wherein 
a reflecting metal surface is used as the surface of 
at least one end face inside the light guide means 
other than the end face for receiving light from said 
point light source array or the end face for emitting 25 
light In said hollow tight guide body. 

9. A light source device as defined in Claim 6. wherein 
the surface of at least one end face inside the light 
guide means other than the end face for receiving so 
light from said point light source array or the end 
face for emitting light in said solid light guide body is 

a reflecting metal surface or a total reflection sur- 
face with respect to the light guided into the light 
guide means. 35 

1 0. A light source device as defined in Claim 6, wherein 
said reflecting surface comprises a plurality of flat 
reflecting surfaces, and said light guide body has a 
polygonal prismatic shape. 40 

1 1 . A light source device as defined in Claim 6, wherein 
said reflecting surface comprises a curved surface. 

12. A tight source device as defined in Claim 1 or 2. 45 
wherein substantially the same shapes are used for 
the external shape of the end face for emitting light 

in said light guide means, and the external shape of 
the illuminated surface of the illumination object illu- 
minated with said emitted light. so 

13. A light source device as defined in any of Claims 1 
to 12. so configured as to satisfy the relation 
L o P/(tan e) . where L is the distance from the 
light-receiving side to the light-emitting side in the 55 
light guide means, P is the interval between adja- 
cent point light sources in the point light source 
array, and 6 Is the angle with the optical axis at a 



position in which the intensity of light radiated by a 
point light source is 1/2 the intensity of said light 
along the optical axis. 

14. A light source device as defined in any of Claims 1 
to 13. wherein said point light sources are light- 
emitting diodes. 

15. An optical device, comprising: 

a light source device as defined in any of 
Claims 1 to 14; and 

a member located opposite the end face for 
emitting the light of said tight guide means and 

designed to modulate the light from said light 

guide means, 

16. An optical device as defined in Claim 15. wherein 
the external surface area of the end face for emit- 
ting light in said light guide means is substantially 
the same as the external surface area of the illumi- 
nated surface of the member for modulating the 
light from said light guide means. 

17. A liquid-crystal display device, comprising: 

a light source device as defined in any of 
Claims 1 to 14; and 

a liquid-crystal display element located oppo- 
site the end face for emitting the light of said 
light guide means and designed to modulate 
the light emitted by said light guide means. 

18. A liquid-crystal display device as defined in Claim 

17, further comprising a magnifying lens disposed 
in the optical path of the emitted light optically mod- 
ulated by said liquid-crystal display element. 

19. A liquid-crystal display device as defined in Claim 

18, further comprising a screen configured such 
that the image of said liquid-crystal display element 
can be projected by said magnifying tens. 

20. A liquid-crystal display device as defined in Claim 
17. wherein the external surface area of the end 
face for emitting light in said light guide means is 
substantially the same as the external sur^ce area 
of the display surface of said liquid-crystal display 
element. 

21. A light source device, comprising: 

a tight guide block as a light guide means pro- 
vided with an inner wall capable of reflecting 
tight, and shaped as a hollow component to 
form a light guide; and 



11 

BNSOOCID: <BP 1003064A1 J_> 



21 



EP 1 003 064 A1 



22 



a point light source array composed of a plural- 
ity of point light sources that are capable of 
emitting light into said light guide and that are 
arranged in a planar configuration opposite one 
end face of the light guide block. 

22. A light source device as defined in Claim 21, 
wherein said light guide block has a polygonal pris- 
matic shape in which said inner walls are com- 
posed of a plurality of flat reflecting surfaces. 

23. A light source device as defined in Claim 21. 
wherein said light guide block has a cylindrical 
shape in which said inner walls are composed of 
curved surfaces. 

24. A light source device as defined in Claim 21, 
wherein said light guide block has a quadrangular 
prismatic shape comprising an end face on the side 
where said point light source array is disposed, an 
end face for emitting light opposite the end face 
where said point light source array is disposed, and 
four lateral surfaces corresponding to light-reflect- 
ing inner walls. 

25. A light source device as defined in any of Claims 21 
to 24. wherein said point light sources are light- 
emitting diodes. 

26. An optical device, comprising: 

a light source device as defined in any of 
Claims 21 to 25; and 

a member located opposite the end face for 
emitting the light of said light guide block and 
designed to modulate the light from said light 
guide block. 

27. An optical device as defined in Claim 26. wherein 
the external surface area of the end face for emit- 
ting light in said light guide block is substantially the 
same as the external surface area of the illuminated 
surface of the member for modulating the light from 
said light guide block. 

28. A liquid-crystal display device, comprising a light 
source device as defined in any of Claims 21 to 25. 
further comprising: 

a liquid-crystal displiay element located oppo- 
site the end face for emitting the light of said 
light guide block and configured to allow the 
light emitted by the light guide block to be mod- 
ulated, wherein images can be viewed directly 
from the light emission side of the liquid-crystal 
display element 
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29. A liquid-crystal display device, comprising a light 
source device as defined in any of Claims 21 to 25. 
further comprising: 

5 a liquid-crystal display element disposed facing 

the other end face of said light guide block and 
configured such that light emitted by the light 
guide block can be modulated: and 

^0 a magnifying lens disposed in the optical path 

of the emitted light optically modulated by said 
liquid-crystal display element. 

30. A liquid-crystal display device as defined in Claim 
IS 29. further comprising a screen configured such 

thallhe image on said liquid-crystal display element 
can be projected by said magnifying lens. 

31. A liquid-crystal display device, comprising a plural- 
20 ity of light source devices as defined in any of 

Claims 1 to 14 and 21 to 25, wherein said light 
source devices are so configured as to emit light 
within the wavelength region of each primary color, 
further comprising: 

25 

color synthesis means which comprise, in 
accordance with each primary color, pre- 
scribed color modulation units comprising said 
light source devices and liquid-crystal display 

30 elements that are disposed feeing the end face 

through which light is emitted by said light 
guide means and that are configured such that 
light emitted by said light guide can be modu- 
lated, and in which light emitted by the pre- 

35 scribed color modulation units can be 

synthesized; and 

a projection lens disposed in the optical path of 
the emitted light synthesized by the color syn- 
40 thesis means. 

32. A liquid-crystal display device, comprising a plural- 
ity of light source devices as defined in any of 
Claims 1 to 14 and 21 to 25. wherein said light 

45 source devices emit white light, further comprising; 

color synthesis means which comprise. In 
accordance with each primary color, pre- 
scribed color modulation units comprising said 

50 light source devices, liquid-crystal display ele- 

ments that are disposed facing the end face 
through which light is emitted by said light 
guide means and that are designed to modu- 
late the light emitted by said light guide, and fil- 

55 ters so configured as to be able to transmit light 

within the wavelength region of each primary 
color, and in which light emitted by the pre- 
scribed color modulation units can be synthe- 



12 



23 



EP 1 003 064 A1 



24 



sized; and 

a projection lens disposed in the optical path of 
the emitted light synthesized by the color syn- 
thesis means. 

33. A liquid-crystal display device as defined in Claim 
31 or 32. wherein said color synthesis means is a 
dichromic prism. 

34. A light source device, comprising: 

a point light source array obtained by forming a 
planar configuration from a plurality of light- 
emitting elements for emitting light of the three 
primary colors; and 

a light guide body which is a separate entity 
from said point light source array and in which 
light from said point light source array is admit- 
ted through one end face and is guided to the 
other end face. 

35. A light source device as defined in Claim 34, com- 
prising a circuit for simultaneously or sequentially 
lighting up the light-emitting elements for emitting 
each color. 

36. A light source device, comprising: 

a point light source array obtained by forming a 
planar configuration from a plurality of light- 
emitting elements for emitting monochromatic 
light; and 

a light guide body in which light from the point 
light source array is admitted through one end 
face and is guided to the other end face; further 
comprising a luminescent film located opposite 
the light-receiving surface or light-emitting sur- 
face of the light guide body and designed to 
convert said monochromatic light to white light. 

37. A light source device as defined in any of Claims 34 
to 36, wherein an air layer is interposed between 
said point light source array and said light guide 
means. 

38. A light source device as defined in any of Claims 34 
to 36, wherein said light guide body is hollow, and a 
reflecting metal surface is used as the surface of at 
least one end face inside said light guide body other 
than the end face for receiving light from said point 
light source array or the end face for emitting light. 

39. A light source device as defined in any of Claims 34 
to 36, wherein said light guide body is solid, and the 
surface of at least one end face inside said light 



guide body other than the end face for receiving 
light from said point light source array or the end 
face for emitting light is a reflecting metal surface or 
a total reflection surface with respect to the light 
5 guided into said light guide body. 

40. A light source device as defined in any of Claims 34 
to 39. so configured as to satisfy the relation 
L o P/(tan e) , where L is the distance from the 

10 light-receiving side to the light-emitting side in the 
light guide means. P is the inten/al between adja- 
cent point light sources in the point light source 
array, and e is the angle with the optical axis at a 
position in which the intensity of light radiated by 

75 each LED (the Intensity of light radiated by a point 
_Jght source) is 1/2 the intensity of said light along 
the optical axis. 

41. A light source device as defined in any of Claims 34 
20 to 40. wherein said light-emitting elements are light- 
emitting diodes. 

42. An optical device, comprising: 

26 a light source device as defined in any of 

Claims 34 to 41 ; and 

a member located opposite the end face for 
emitting the light of said light guide means and 
30 designed to modulate the light from said light 

guide means. 

43. An optical device as defined in Claim 40, wherein 
the external surface area of the end face for emit- 

35 ting light in said light guide means is substantially 
the same as the external surface area of the illumi- 
nated surface of the member for modulating the 
light from said light guide means. 

40 44. A liquid-crystal display device, comprising: 

a light source device as defined in any of 
Claims 33 to 41 ; and 

45 a liquid-crystal display element located oppo- 

site the end face for emitting the light of said 
light guide means and designed to modulate 
light from the light guide body. 

50 45. A liquid-crystal display device as defined In Claim 
44, comprising a projection lens located on the 
opposite side from the light guide body with respect 
to said liquid-crystal display element. 

55 46. A liquid-crystal display device, comprising: 

a light source device comprising a point light 
source array obtained by forming a planar con- 
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figuration from a plurality of light-emitting ele- 
ments for emitting light of the three primary 
colors, and a light guide body in which light 
from the point light source array is admitted 
through one end face and is guided to the other $ 
end face; and 

a liquid-crystal display element located oppo- 
site the end face for emitting the light of said 
light guide body, said liquid-crystal display ele- io 
ment modulating the light of each color and 
forming an image on the basis of image signals 
separated into individual colors in synchronism 
with the sequential lighting of said light-emitting 
elements of each color. is 
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